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ABSTRACT 


The purpose o:'. this program is to demonstrate the 
technical readiness of a cost-effective process sequence 
that has the potential for the production of flat plate 
photovoltaic modules which met the price goal in 1986 of 
70^ or less per Watt peak. 

During the quarter » program efforts Included: 

e Cell fad>rlcation using the proposed pjrocess 
sequence: 

e Optimization cf cell processes; 

e Identification and testing of insulator tapes and 
edge seal material; 

e Optimization of a lamination procedure; 
e Evaluation of encapsulation materials; 
e Identification, discussions, demonstrations and 
visits with cemdidate equipment vendors; 
e Selection of and initiation of a tabbing and 
stringing machine subcontract; 
e Updating the drawing package emd QA plan; 
e Collecting data for preliminary Sarnies cost analysis. 
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1.0 Zntrodtt^ion 


Th« purpoM of tho MBP8D0 profram i« to d«DMmttr«to tho 
toohnloal raadinaaa of a eoat-affoetiva prooaaa aaqumoa t^t 
haa tha potantial to produoa flat-plata photovoltaic ssodulaa 
vhloh meat tha 1986 prloagoal of laaa tiian $.70 par paide Watt* 
To achieve this goal* Solarex will deaign* develqp and 
fabricate a Nodule Experimental Prooaaa Syatem Development 
Unit (NBPSDU) and will utilise the unit to produce a quantity 
of modulea uaing the propoaed prooaaa aequenoe* Thia effort 
will include: 

e Design of a detailed cost effective process sequence, 

e Completion of a detail design of the NBPSDU, 

e Fabrication and assembly of the NBPSDU, 

e Preparation of a process instruction manual, including 
in-line process control information, 

e Performance of a minimum of three technical demon- 
strations which will include the production of suffi- 
cient modules and production data to persiit validation 
of the contract goal, 

e Performance of a cost analysis of the process sequence. 
Including a study of the cost impact euid changes 
required in the NBPSDU to allow the use of different 
types of input material. 
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Xn Ml^otin^ A prooMs tn hmv — p hattf d tli* 

following oonsldorntiono t 

• BoonomioSf 

• Stats of vorifloationf 

• Availability of aguipmant for automation, 

a Baaa of intagrating individual prooassas, 

a Compatibility with tha aalaetad input matarial and 
a variaty of othar altarnativa silicon shaat matarials. 

In our design of the MBPSDU, wa have chosen to dav«<!ilop a unit 
that is a forerunner of a production facility, ^is means 
that we will utilize production equipment, not laboratory- 
scale equipment. All manual handling of individual cells will 
be eliminated. 

The concept of the MBPSDU is to demonstrate tha process 
sequence and machinery by utilizing a single, rather than 
several parallel machines for each station. This means that 
the line Itself is not a balanced production line, but all of 
the throughput rates are sufficient to demonstrate automated 
manufacture. Indeed, this unit itself will be capable of 
producing close to 10 MH per year with only minor modification 
(e.g. addition of several more laminating stations) . 
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Thtt bt«elintt proamum BTi^uanam im dUMorib«d in Snotion 2.1. 
Proposed changes in this baseline are described in Section 2. 2. 


Results of experiments performed in the third quarter are 
presented in Section 3. Section 4 summaurises our progress to 
date, including recomnendations and conclusions » as well as 
presenting a brief schedule for the next quarter. 
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2.0 ProoMS DesoriptlOB 


2.1 Batttline Prooast Ssqusnoo 

Ths bassline prooeot spumes it shown in block form in 
Figure 1. This prooest sequmoe was described in detail in 
the First Quarterly Report (1) . foe baseline process sequence 
includes the following features: 

e Semicrystalline silicon (10 cm x 10 'cm) as the silioMi 
input material} 

e Spray-on dopant diffusion source} 
e A1 paste BSF formation} 
e Spray-on AR coating} 

e Electroless Ni plate-solder metallisation} 
e Laser scribe edges} 

e Solder reflow tabbing and stringing machine} and 
e Laminated EVA modules on glass svqperstrate. 

2.2 Proposed Changes in Process Sequence 

As described in the Second (hiarterly Report (2W the laser 
scribing technique has proved unsatisfactory «rhen coupled with a 
negative screen printed metallization process. A number of 
alternatives have been proposed and are under investigation as 
described in Section 3. 
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The original process sequence specified HCl etch clean-up 
of the Al paste residues. The baseline process now utilises an 
abrasive (glass bead) clean-up of the reslduei'i, leaving the bulk 
of the conducting Al in place. ThAs Al can then provide the 
needed back metallization conductivity without addition of 
additional metal, i.e., solder. The backs will still be Ni 
plated to allow them to be interconnected. However, no additional 
solder will be added to the backs. The fronts will be wave 
soldered instead of solder dipped. Have soldering is a highly 
controllable process that has replaced solder dipping in the 
printed circuit board industry. It should Improve solder 
uniformity and controllability as well as reducing the amount 
of solder required for the process. 
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3.0 


Technical Progress 


3 . 1 Documentation 

The following technical documents were subr.iitted during 
this quarter: 

12. Quarterly Technical Report To. 2 

13. Techrical Progress Report No. 7 

14. Technical Progress Report No. 8 

15. Technical Progress Report No. 9 

16. Revised Drawing Package 

3.2 Cell Processing Experiments 

A summary of all cell fabrication experiments conducted 
since the beginnxng of the program /.ppears in Table 1. 
Experiments 12 through 21 were conducted this quarter. The 
following sections describe these experiments. (Refer to Table 
1 for actual performance measurements) . 
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SUMMARY TABLE OP CELL FAPAICATION EXPERIMENTS 
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Description of Experiraen t Type and Size Diffusion Conditions Metallization Yield Results and Cosaents 
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Lot 12 


This experiment compared the effect of varying sheet 
resistivity. Three groups of wafers were prepared for diffu- 
sion via MEPSDU surface preparation and spray doping. The 
diffusions were done In a quartz diffusion tube In oxygen 
atmosphere for ten minutes. The lowest-temperature diffusion 
(875^0 produced the best cells, 8.75% average (9.2% best 
cell - unencapsulated) . The yield of semicrystal line wafers 
was 60 percent. 

Lot 13 


This experiment was designed to produce cells for use In 
panel experiments. All the wafers were broken due to equip- 
ment failure. 

Lot 14 

This group of cells was prepared to be used In module 
experiments. Processing Included MEPSDU surface preparation, 
doping, diffusion (tube, 910°C, oxygen, psh » 20-25S2/I7 ) 
aluminum paste alloy (850, tube, atm), HCl back cleanup, 
spray AR, and nickel-solder metallization. The output power 
was slightly lower than the results from lot 12 probably due 
to a variation In AR coating uniformity. 
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Lot IS 


This group of cells was prepared to demonstrate the 
MEPSDU process (especially spray-doping) to JPL personnel 
and generate more panel-grade cells. The process was 
essentially the same as Lot 14. The single crystal cells 
were lower than expected due to shunting as a result of 
A1 paste on the front, since there was a problem aligning 
the screen. The 2 cm x 2 xm cells were processed from 
polished <110> wafers using MEPSDU diffusion, but TiPdAg 

metallization with no AR. The diffusion oxide was measured 

o 

on the ellipsometer and found to range between 420 A and 
o 

1,100 A (edge to center). The current densities were very 
high for such cells without AR coating. The semicrystalline 
results were similar to Lot 14. 

Lot 16 

This experiment was used to prepare samples for wave 
soldering and plasma etching experiments. Seunples of 10 cm 
X 10 cm semicrystalline and 3" round single crystal silicon 
were processed by the standard MEPSDU procedure through elec- 
troless Ni deposition and resist cleanup. The samples were 
then split with half being shipped to Electrovert for wave 
soldering of the fronts while the other half was sent to 
Technics for ion milling of the edges. The ion milling experi- 
ments are described in Section 3.5. 
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Lot 17 


This was the initial experiment to evaluate a variety of 
screenable oxides for use as an edge protection during diffu- 
sion and Ni plating. This experiment utilised Englehard Ov«r- 
glaze #3031. The working temperature («S00^C) of this material 
is lower than MEPSDU process temperatures and the problmi en- 
countered was the migration of the paste across the cell surface 
probably the direct result of the high firing temperature (910°C) 

Lot 18 

This experiment utilized a 890^C diffusion temperature 
with all other processes similar to Lots 12, 14, and 15. The 
current densities in Lot 18 were higher confirming that lower 
diffusion temperatures yield better current collection. One 
cassette of cells exhibited series resistance problems attri- 
butable to non-con tlnuous solder coatings on the grid lines. 

Lot 19 


This experiment was designed to investigate the effect of 
utilizing a 100 mesh screen for aluminum paste application, 
rather than the 150 mesh screen used in earlier experiments. 

A diffusion temperature of 910°C was used with all but mesh 
size similar to Lots 12, 14, and 15. Lot 19 exhibited higher 
open circuit voltage and better short circuit current than 
these earlier lots. 
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Lot 20 


This experiment was designed to compare belt diffusion 
with tube diffusion* The ciiffusion temperature was 910^C. 
Belt-diffusion yielded improved current and higher output power 
than the tube diffusion. Both lots were lower than the 890^C 
cells from Lot 18. 

Lot 21 

This experiment was designed to compare tube alloy with 
infrared belt alley and with convection belt alloy. The infra- 
red belt yielded the best cell performance, with tube second 
and convection belt poorest. It should be noted that the pro- 
file for the infrared belt and tube have been optimized for 
semicrystalline silicon while the convection belt is optimized 
for single cryjtal silicon. 

During a number of experiments the performance of the single 
crystal controls has been worse than that of the semicrystalline 
silicon. This effect has become more pronounced as we have 
optimized the processes for the semicrystalline material. These 
results indicate that the semicrystalline and single crystal 
silicon required different process parameters to achieve opti- 
mum csll performance. 
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3.3 Pilot Line Coll Processing 


Because of the need to provide cells for fabrication 
of preprototype modules, a series of pilot cell process runs 
were begun. Three such lots have been completed to date. 

The results are given in Table 2. The following sections 
describe each run. 

Pilot Run <1 

Utilizing the results of Lots 18 and 19, the cells were 
diffused at 890^C and alloyed using a 100 mesh screen. Because 
of the coarser screen, aluminum "balls” formed on the back of 
the wafers during the alloy step. While the "balls" dissolved 
during the HCl back etch, they left highly textured craters 
that resulted in a high breakage rate, especially during solder 
dipping. 

Pilot Run #2 

Because of the problem associated with the alximinum "balls" 
in Pilot Run #1, a 150 mesh screen was used in Pilot R\m #2. 

All other processing was identical. This run suffered low yield 
due to series resistance problems. There was a definite metal- 
lization problem associated with thin and non-con tinuous front 
solder. The problem appears to be related to inadequate clean- 
up of the resist after nickel plating. A larger, more powerful 
ultrasonic bath will be utilized for future resist removal. 
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Table 2. Pilot Line Summary 


YIELD 

# starts (90%) 


Semi 

250 

27 

% 

Single 

25 

64 

% 


Semi 

246 

37, 

.8% 

Single 

25 

80 

% 


Semi 

250 

15.6% 

Single 

25 

24 % 


CURREOT DENSITY 


EFF. 

AMI 

RED 

BLUE 

7.2 % 

23.30 

13.52 

6.10 

7.6 % 

22.97 

14.29 

5.31 

7.5 % 

23.56 

13.73 

6.12 

8.9 % 

25 ^ 

16.35 

5.73 

7.6 % 

2.V.30 

16.00 

6.68 

9.45% 

26.7 




VOC CELLS 8% MOTES 

541 41 

52R 

542 72 
554 


530 

jO 

Loet 175 cells 

562 


due to heavy 
oxiue. 
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Pilot Run #3 


Due to operator error during the manual spraying of the 
diffusion dopant, too thick a layer was deposited. The oxide 
could not be removed on 70% of the wafers. The remainder of 
the lot did not suffer from the problems of Lots 1 and 2, and 
resulted in a reasonable number of cells above 8% efficiency. 

3.4 AR Coating Experiments 

The initial experiments were designed to find an organic 
alcohol compatible with the AR coating material that could be 
utilized in a pre-spray step. The first attempt utilized the 
components of the AR spray itself. The results are summarized 
below: 

1. N-Butyl Acetate; Dried as the wafer was sprayed. 

2. Sec-Butanol; Dried as the wafer was sprayed. 

3. Isopropyl Alcohol: Dried as the wafer was sprayed. 

4. 2 Ethyl - 1 Hexanol; Boiling point too high. It 
evaporated with the AR on top of it, resulting in 
the formation of pools with a very uneven AR. 
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A number of solvents with a boiling point near 150°C 
were ordered. These included: 3 methyl-l-butanol, 2 ethoxy- 

ethanol# Hexyl Alcohol# Hexanol# and Pentanol. Experiments 
of prespraying with 3-methyl-l-butanol # 1-Hezanol# Pentanol and 
Hexyl Alcohol resulted in no change in the subsequent AR coating. 
Prespraying with 2 ethoxyethanol resulted in a spotty surface. 

A number of experiments with 3-methyl-l-Hexanol both as a pre- 
spray and as a replacement for the Sec-Butanol, resulted in in- 
consistent AR co«^tings. 

At this point we stopped looking for a prespray treatment 
and began to investigate the effect of deposition conditions on 
the AR coating. It was found that if Titanium Isopropoxide is 
sprayed directing on a heat wafer (450 to 500°C) a uniform blue 
color can he obtained. Placing the wafer on a hot plate at 
450-500°C and spraying the Titanium Isopropoxide with an air 
brush resulted in reproducible uniform AR coatings. Figure 2 
is a plot of Reflection plus Transmission as a function of wave- 
length for one sample of semicrystalline Si sprayed in this manner. 
This compares favorably with evaporated AR coatings. 

An experiment was conducted in which 2 cm x 2 cm single 
crystal cells with TiPdAg contacts were tested before AR coating. 
Half the cells were then given a Ta20g evaporated AR coating 
while the other half were AR coated using the new hot spray 
technique. The results are summarized in Table 3. It is apparent 
that the hard spraying technique does not produce as even a 
coacing as the evaporated AR. However# the use of automated 
spraying equipment should alleviate this problem and result in 
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REFLECTION + 



Table 3. AR Coating Experiment 


Evaporated Ta20^ Cells Sprayed TlOx Cells 


Increase In Open 
Circuit Voltage 


12.5 mV 


Increase In Short 
Circuit Current 


40.2 mA 


36.5 mA 


Increase in Peak 
Power 


18.5 mW 


19.5 mW 



AR coatings as effective as those produced by evaporation. 

3.5 Ion Milling 

Samples from Lot 16 were delivered to Technics Ion Micro- 
fabrication Systems# Inc. after nickel plating. The edges were 
then ion milled in a Model #MIM TLA20 Ion Milling Machine. The 
beam voltages# currents# and etch times are given in Table 4. 

The samples were then returned to Solarex where they were 
solder dipped and tested. Some cells in Batch #3 and #4 were only 
moderately shunted while the remainder were severely shunted. 

Several cells in Batch #5 had acceptable shunt resistance values 
while the remainder were moderately shunted. It appears that the 
treatment in Batch #5 was marginally successful. 

A second set of samples was taken to Technics Ion Micro- 
fabrication Systems# Inc. for ion milling experiments. The ion 
milling was performed at 1400 volts with a beam current of 0.26 
roA/cm for 90 minutes. There was no metallization visible on the 
edge but all 25 cells were shunted. These were not edge shunted# 
however. The shunting may have been due to overheating of the 
wafers or problems with cell processing. Further experiments 
are required to verify that ion milling is a viable edging technique. 

As part of the efforts to better understand edging, a cost 

analysis of the ion milling step was performed. Format A describing 

the process is attached as Table 5. It is based on using a 

Technics machine in which 1000 wafers are stacked for a 1 hour 
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Batch # 

Beam Voltase 

Beam Current 

Time 

1 

740 V 

0.5 mA/cm^ 

24 min. 

2 

750 V 

0.5 mA/cm^ 

48 min 

3 

750 V 

0.5 mA/cm^ 

60 min 

4 

1100 V 

0.7 mA/cm^ 

48 min 

5. 

1100 V 

0. 7 mA/cm^ 

60 min 


Table 4. Ion Milling Parameters 
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80UAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 






FORMAT A 


PROCESS DESCRIPTION 


JIT PMPt’LMON LAMBAVOKV 

CdHurmit bmilMf •> Ttttmtho 

4900 <M Crai« Or. / fmtdtm, CM- 91 W 


Nom: N«n« ghMn In braekM ( ] 
an the nam« of praoM mri b um 
fiqm m d by SAMIS III 
oomputar program. 


At l^mw— (Pflatanrl 

EDGEM 

A2 (Oascriptiva Nama). 

Ion Mill Edge of Cells 


PART 1 > PRODUCT DESCRIPTION 

A3 (Product RafwrwnI 

A4 OMcriptivc Name (Product Name) Edged Wafers 


AS Unit Of Maawira (Product Units! Wafers 


PART 2 - PROCESS CHARACTERISTICS 

AS (Output Ratal (Not Thruput) 16.6 

A7 Avaraga Tkna at Station 2JQ 

(Prooaaalng Tima! 

AS Machine "Up" Tima Fraction 

(Usage Fraction] 

PART 3 - EQUIPMENT COST FACTORS (Machine Dctcription] 


AS Component (Rafarantj 

ASa Component (Oascriptiva Name] (Optionall 

A10 Base Year For Equipmant Prloei (Price Year] 

A1 1 Purchase Price (S Par Component) (PurchaM Coat] 
A12 Anticipotad Uaaful Life (Yaart) (Uiatul Ufa] 

A13 (Sahraga Valua] (S Par Componant) 

A14 (Ramoval and InstaNation Coat] (S/Componant) 


Units (givan on lina AS) Par Operating Minute 

Calendar Minutes (Used only to compute 
in-procasa inwantory) 
Operating Minutes Par Minute 


MILL STACK COLD THAI 


Ion milling 

Stack 

Refrioere 

machine 

loader 



81 

81 

81 

105,000 

14,500 

5,000 

.)C 

5 

5 

20,000 

1,000 



2,000 


Note; The SAMIS ill computar program also prompts for the (peymcrit float interval] , the (inflation rats tabla] , the 
(equipmant tax depreciation method] .and the (aquipmaitt book dapreeietion method) . In the LSA SAMICS context, 
use ao. (187S, S.0). DOB, and SL 
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jru 3037-a nioy 


Format A; Procan Oaieription (Continuad) 

A16 Prooati Rafarant (From Pagt 1 Lina A1) EDGEM 

PART 4 - DIRECT REQUIREMENTS PER MACHINE (Fadlltlai) OR PER MACHINE PER SHIFT (PanonnaO 


(Fadlitiai and Penonnal Raquiramanti] 



A16 

A18 

A19 

A17 

Catalog Number 
(Expanse Item 

Amount Required 
Par Machine (Par Shift) 

Units 

Raquiramant Description 

Rafarant] 

A2064D 

(Amount per Machine] 
120 

Sa. ft. 

Floor space 

B3752D 


PRSN X YRS 

Machine operator 

B3688D 

0.0 5 

PRSN X YRS 

Maintenance 


PART S - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs] and (Utilitias and Commcditiai Raquiramants] 


A20 

Catalog Number 
(Expense Item 
Referent] 

ri 

A22 

Amount Required 
Per Machine Per Minute. 
(Amount per Cycle] 

n.125 

A23 

Units 

Ifwh 

A21 

Requiramant Dascription 

Electricity 


(LJJ 


ft ^ 

Coollna water 

£IIl2l3 



ft ^ 

Arqon 



$ 

Filaments 

n.«?T.BY07 

.006 

s 

Spare parts 

n.RT.pvna 


$ 

nf 1 changes 


PART 6 - INTRA-INDUSTRY PRODUCTiS) REQUIRED (Requirad Products] 


A24 

A28 

A26 

A27 


A2S 

(Product 

(Yield)* 

(Ideal f^tio]** Of 




Reference] 

(%) 

Units Out/Units In 

Units Of A26*** 


Product Nama 

PlateW 

.995 

1 

wafer f wafer 

N1 

plated cells 

7 



Praparadby 

John Wohlgemuth 


Data. 

8/81 


*100% minus percantage of raquirad product lost. 

** Assume 100% yield hare. 

*** Examples: Modulas/Call or Cal Is/ Wafer. 

Mvcriaasioa jpl aoar-a niom 
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operation. The equipment costs and material and utility 
useage estimates were all obtained from J. Weinberg of Technics. 

Using the data on this Format A, we had calculated the cost 
per watt using the IPEG approximation. This analysis Is bas^ 
upon the following assumptions. 

50 MW per year factory 

15% eff. 10 cm X 10 cm cells >1.5 watts each 

Process yield (from wafer to module) >93% 


Summary of Ion Milling Cost: 


Equipment > 
Floor space > 
Direct labor = 
Materials > 
Utilities = 
Total = 


$0.0054 per watt 
$0.00096 per watt 
$0.0031 per watt 
$0.0012 per watt 
$0.00027 per watt 
$0.0109 per watt 


This compares favorably with the estimate from the First 
Quarterly Report for laser scribing of $0.0139 per watt. Ion 
milling is not only cost competitive with laser scribing, but 
actually may lead to a cost reduction. 
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3.6 Tabbing and Stringing Machine 

Tabbing and stringing machine proposals were receieved 
from Kullcke and Soffa, MB Associates, Splre/Kinematlcs and 
PROA/MRL. MB Associates was selected for negotiations and 
a contract was signed July 20th. The initial efforts Included 
establishing a progreun work breakdown structure and schedule, 
preparing a program plan, and developing a test plan for the 
pulsed solder technique. 

3.7 Encapsulation Experiments 

The encapsulation efforts included work in the following 
areas : 

e Insulation Tapes, 
e Tape Applicators, 
e Characterization of embossed EVA, 

e Adhesive bonding of AMP connector to black polyethylene, 
e stability of MEPSOU cells under lamination conditions, 
and 

e Thermal and optical properties of black polyethylene. 
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3.7.1 Insulation Tapes : 


Wraparound interconnects require insulation between the 
wrapped around tabs and the back of the cells. Such insula- 
tion can be accomplished by placing a inch wide tape along 
. two edges of the cell before wrapping the contacts around the 
edge. 


Exploratory experiments have provided specifications and 
desirable properties of such a tape in terms of ease of pro- 
cessing and tiie proper ites required. The dielectric needs 
to withstand the lamination process as well as the environ- 
mental tests. Enviroiunental testing includes thermal 
cycling, -40®C to +90® and 95 percent humidity at 70®C, 

The lamination process can include pressures up to 15 psl at 
150®C. The tapes must maintain electrical Isolation across one 
cell or approximately 0.5 volts. 

Pressure sensitive tapes consist of a polymeric film 
carrier and pressure sensitive adhesive. Due to the potential 
for bleeding of an adhesive compound into the EVA matrix and 
its subsequent UV or other environmental degradation, an 
acrylic adhesive was chosen as most desirable. A silicon 
adhesive (for example, the Kapton tape or Polken 721) is also 
known to be satisfactory for this use but they are expensive. 
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Originally v>a selectad polyester, polyethylene and 
polypropylenes as possible candidates. Tedlar and other 
flurocarbons are not good candidates due to their high cost. 
Still other candidates like Teflon and Kapton are even more 
expensive. Reinforced materials have also been avoided because 
they provide a moisture path and lead to current leakage under 
huffldid conditions. 

It is also desirable for the pressure sensitive adhesive 
to stick both to the back of the cell and to the EVA matrix. 
Many pressure sensitive tapes have a release layer on the 
back of the carrier su that a tape roll can be unwound easily. 
This release backing will, cf course, reduce the bondability 
of the adhesive carrier to the EVA matrix. 

Thermal Cycling 

The following tapes were subjected to thermal cycling 
for fifty or more cycles. 

1. Polyken 832 polyethylene, 

2. 3M 480 polyethylene, 

3. Adhesive Research 55913 double face polyester, 

4. Permacel P280 polyester, 

5. 3M Y9769 double face polyester, 

6. Permacel J-Lar III polypropylene, 

7. Shuford PS 74 8 polypropylene, 

8. Permacel P234 polypropylene. 

All of these tapes withstood the 50 cycles with no increase in 
leakage current. 
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Humidity Testing 


The samples were subjected to humidity testing at 70^C 
95 percent RH. Application of lOOOV caused all of the 
acrylic tape samples to fall after a short exposure at this 
humidity. These also failed at lOOV. Typical results are 
given In Table 6. 

Leakac* 1000 Volts 


(mA) 

Polyken 832 polyethylene 0.31, 6.3 

3M 480 polyethylene 6.3 

3M 8057 polyethylene 6, 0.6 

Permacel P280 polyester 0.47 

Adhesive Research S5913 polyester, 0.75, 0.35 

Shuford PS-748 polypropylene 0.43, 0.43 


Table 6. Hi Pot Tests After Several Hours 
in Humidity Exposure 
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While mk readings are failures » all the very high leakage 
readings for the polyethylene tapes may be explained as due to 
cutting into the polyethylene tape by the tab material during 
lamination which did not occur with the prestretched, orientated 
polyester or polypropylenes . 

Since the maximum operating voltage the tape is expected to 
see is 0.5 volt subsequent experiments were conducted with a 
much lower voltage (10<-25 volts) . The results for 5 different 
tapes are shown in Table 7. Each of these candidates exhibit 
no leakage before or after ti:ermal cycling. All five films 
exhibited acceptable leakage levels during the humidity tests. 

Processing Stress Requirements 

During lamination, the module and the tape are subjected 
to pressure and temperature stresses. In particular, the tab 
material may cut through the tape, particularly if the tape is 
not thick enough and/or is softened by the heat. To assess the 
tape edge puncture resistance, a test was designed in which tab 
strips were placed on each side of a piece of tape. The sand- 
wich was laminated with EVA according to standard lamination 
practice, but applying a pressure of 15 psi. 

The configuration of the edges of the interconnects were set 
to function as a [ossible worst example for cutting through the 
tape leaving no electrical isolation. The results are given in 
Table 8. It can be seen that the unoriented films, such as 
polyethylene and the thinner films, such as polypropylene P-23 
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and the 1 mil polyester M50 all fall. All the other tapes 
pass. Double taping with thinner tapes does not particularly 
help. 


The following tapes have passed our environmental tests 
and are candidates for use. 

e Lamart Corporation - 101-L, a 2 mil polyester 
tape with acrylic adhesive and a liner. 

• Leunart Corporation - 107-L, a 2 mil white polyester 
tape with acrylic adhesive and a liner. 

e Adhesive Research - S-5919, a 1.5 mil polyester 
tape with a 1.5 mil acrylic adhesive layer. 

• Permacel - P-28C, a 1 mil polyester tape with a 1.3 
mil acrylic adhesive that must be wiped with a solvent 
to remove the release layer. 

• CHR - M99, a 2 mil polyester tape with a 1.5 mil 
acrylic adhesive that must be wiped with a solvent 
to remove the release layer. 

• 3M-850, al mil polyester tape with a 1.5 mil 
acrylic adhesive that must be wiped with a solvent 
to remove the release layer. 

• Adhesive Research - S-5913, a 1 mil polyester tape 
with 1.5 mil acrylic adhesive on both sides and a liner. 
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• Keene - HS2400, a polyester film with a heat 
sealable polyester adhesive on one side and an 
acrylic transfer adhesive on the other. 

Typical costs for these films are 2 to 4 dollars per 
72 yard roll In small quantities (several cases) . 

3.7.2 Tape Applicators 

Several tape applicator manufacturers have been contacted. 
They include two who manufacture standard taping equipment used 
In the printed circuit board Industry. They are; 

Western Magnum 
Hermosa Beach, CA 

and 

Precision Industries 
Cleveland , OH 

These machines, with micrometer controls can apply a tape 
with a 5 mil projected tolerance. It is an accuracy barely 
within the i^cope of our requirements. We would like a 2-3 mil 
accuracy to ensure isolation at the wrap around edge. 

In a normal operation, in taping a PC board two faces, top 
and bottom, are taped simultaneously from two rolls of tape. In 
our application, the second roll of tape would be replaced by a 
renewable paper roll. 
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We visited Western Electric, Richmond, Virginia, and ob- 
served their Precision Industries tape appllicator. It was 
obvious that the nip rolls would crack the cells. The nip 
rolls are made of black rubber. This equi|»nent has been made 
with silicone rubber rollers that can handle fragile material. 

F. W. Winne & Company suggested the use of a die cut in 
which the machine would punch out the required piece and ac:cu- 
rately place it. This operation may be applied to a configur- 
ation where the cell edge tape is back face up. The tolerance 
of such a die and its feasibility needs to be determined. 

Spartanics, Ltd., Rolling Meadows, Illinois, offers an 
optional sensor which will allow die cuts of + 1.5 mil toler- 
ance, which is in our accuracy requirement. They claim semi- 
automation with some 1,000 parts/hour. 

We have also contacted two custom manufacturers of taping 
machines: 3M, Minneapolis, Minnesota, and Tapelas, Farmingham, 

Massachussetts. We are awaiting their response. 

3.7.3 Characterization of Embossed EVA 

Solarex has received an experimental developmental run 
from Rowland Industries, Berlin, Connecticut, in which a nominal 
1,000 lbs. of EVA 150 was compounded with Springborn's cure and 
stabilizer package, its A9918 formulation (Reference 3) as 
given below: 
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Elxax 150 
Lupersoe 101 
Tinurin 770 
Nauguard P 
UV-531 


100% weight percentage 
1.5 
0.1 
0.2 
0.3 


The EVA was extruded into an 18 mil embossed or matted sheet. 
The sheet is embossed to reduce the high blocking nature of non- 
embossed EVA as is available from Springborn. The embossed EVA 
substantially reduced the blocking and lay up blocking problems 
are avoided. 


As part of our evaluation, sections of the film were sub- 
mitted for Oscillating Disk Rheometery (ODR) evaluations accor- 
ding to ASTMD2084. For comparison, we have data on previously 
prepared embossed EVA as obtained from DuPont via Rowland. 
Comparative data are given in Table 9. 

It had been reported that the original embossed EVA had 
parameters very close to the Springborn materials. The second 
batch of embossed EVA is much like the first except for the 
torque required when the film test sample is at full cure. The 
second batch is in the range of 20-30% higher. While the differ- 
ence is acceptable, the higher torque value may be associated 
with an increase in cross link density due to a better dispersion 
of the additives. Additional tests are underway including a 
repeat ODR analysis using a second source and covering all four 
temperatures, 202°C, 180°C, 150°C, 140°C, of our previous data. 
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Table 9 


OCR Data on Two Batches of Embossed EVA 



*1 

Maximum 
Torque Ib/in 

«2 

Cure Time 
Time to 90% 

*3 

Scorch Time 
(Minutes) 

Temperature 

202®C 

185°C 

202°C 

185®C 

202°C 

185®C 

Embossed EVA 
(DuPont batch) 

29.7 

24.4 

3.3 

7.3 

.85 

1.3 

Embossed EVA 
(Rowland's recent 
batch) 

33.0 

36.7 

3.1 

7.0 

.77 

1.15 


#1 A measure of the tensile modulus of the compound. 

#2 Time required to reach 90% of full torque value. 

#3 Time when tho coupling reaction starts to crosslink. 


3.7.4 Adhesive Bonding of AMP Connector Pox to Black 
Polyethylene 

Because polyethylene has a low surface energy. It Is 
difficult to adhere the AMP connectors to the back of the 
module. The connector Itself Is made of weatherable grade 
black nylon. The surface which Is bonded to nylon Is an 
embossed surface to Increase total surface area and mechani- 
cal bonding. 

A number of adhesives between the amp connector and 
the polyethylene have failed the environmental tests of 70°C- 
95 percent relative humidity and thermal cycling -40®C to 
+90°C. These Include silicones, GE's RTV 108, and epoxies, 
urethane modified epoxy, Cyanamlds Cybond 1110, and Hughson's 
Versllok 506 and 3M's 3501. Corona discharge treatment of the 
polyethylene surface has substantially Increased the ability 
of the adhesives to stick to this polyethylene. The failure 
that did occur following the corona treatment was only after 
several days In the humidity chamber. 

An alternative method to activate the polyethylene surface 
as an adherent surface was to place a small 2x2" square of 
EVA film external to the polyethylene at the spot at which the 
connector will be attached. The EVA was pressed Into the poly- 
ethylene during lamination resulting in a good bond between EVA 
and the polyethylene surface. Adherence to the EVA surface was 
no better than to the black polyethylene surface, when using 
RTV 108 as the adhesive. Additional experiments are planned 
using the EVA patch. 
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Additional experiments are also planned with urethane adhesives and 
with acrylic transfer adhesives. It should be noted that urethane 

will be accompanied by a cross linking reaction. That is the 
adhesive bond Itself will become thermoset. 

One adhesive which we have found effective is a hot melt 
(140°C) thermoplastic elastomeric adhesive based on Phillip's 
Solaprene as supplied by B. F. Goodrich PL804. After prolonged 
humidity tests this system could only be separated by application 

of significant prying force. The failures of other systems were 
immediate, requiring essentially no force. 

The disadvantage with the thermoplastic elastomeric hot 
melt is the requirement of applying it in production. There are, 
of course, many commercial applications of hot melts and special- 
ized applicators are available. At high production rates such 
an application is very feasible. Work is underway to; 1) identify 
a thermoplastic elastomeric which has a lower application teniper- 
ature emd performs as well, and 2) identify methods of application 
applicable to small runs. 

3.7.5 Stability of MEPSDU Cells Under Lamination Conditions 
The question has been raised as to whether the heat used 
during EVA encapsulation would make the cells less efficient. 

I-V curves were taken of three MEPSDU cells. The cells were the sub- 
ject to 167°C for thirty-four (34) minutes, a temperature which 
exceeds lamination temperature and the approximate time of such 
a lamination. No change in IV curve was observed on repeat 
measurements of the three cells. Therefore it appears that 

lamination conditions do not effect cell performance. 
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3.7.6 Thermal and Optical Properties of Black Polyethylene 

An experiment was performed to determine the cell 
temperature effect of a black polyethylene-backed vs. a white 
Tedlar-backed module. Two 2 ft. x 4 ft. practice modules were 
used which had reject cells arranged approximately in the same 
pattern they would be in a regular module. As a basis for 
setting up the data taking, we used the procedures specified 
in JPL documents for determining NOCT (Nominal Operating Cell 
Temperature) . These modules were set up side by side about a 
foot apart. 

The results of the data are plotted in Figure 3. The 
cell temperature was determined by averaging two readings 
from thermocouples attached to cells. 

From these data we can make the following conclusions: 

e The black-backed module had consistently higher 
temperature readings them the white-backed module.. 

• The NOCT bcsed on this data is: 

White backed - 41.5°C 

Black backed - 43.2°C (Both at 80 mw/cm^ illumination) 
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• The temperature difference between the black and 
white is 1.7^C. 

The actual value of NOCT Is not particularly accurate, 
since there was no correction for wind velocity and because 
the modules were not mounted within an array. However, the 
temperature difference should be a fairly accurate indicator 
of the true difference of temperature between the two different 
modules. 

Thermocouples were also mounted to the back of the module. 
The temperatures were consistently within 2®C (cooler) of the 
cell temperature on the module. This shows that we can get a 
good approximation of the cell temperature without cutting into 
the module. 

To determine the cost effectiveness of using black poly- 
ethylene, we have calculated the power loss due to its use and 
ccmpared this with the cost savings associated with its use. 

The results indicate that with a module cost of $2.70 or less 
there is a cost savings gained by using the black polyethylene. 

We have also begun wo’*k to measure the difference in out- 
put of the same module as a function of the color of the backing 
material. Clear, white, blue and black are all being investi- 
gated. Outdoor measurements indicated there was only a margi- 
nal difference (less than 1%) between the highest (white) and 
the lowest (black) backing. 
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The experimental errors associated with the measurement 
are larger than the measured difference between the 2 backings. 
Based on these measurements i black polyethylene is a viable 
material for use as the backing material. 

3.8 Equipment Vendors 

A number of vendors have been contacted In regards to 
the equipment necessary to build the MEPSDU process line. A 
list of these vendors Is given In Table 10. Quotations have 
been received from most of these vendors. 
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TABLE 10 


Vendors Contacted 


Etch System 

Spray Coaters (2) : 

Belt Furnaces (2): 

Screen Printers (2) : 

Sand Blasting Equipment: 
Plating Transport System: 

Wave Solder Equipment 
Wafer Handling: 

Laser Scrlber 
Plasma Etch: 

Xenon Light Source: 

Lamina tor 

Module Lay-up System 


Conveyor Engineering 
Frederick Manufacturing 
Western Technology 
Crest Ultrasonics 

ITI 

Advanced Concepts Corp. 

BTU Engineering 
Thermco 

Infrared Furnace Systems 
AMI 

DeHaart 

MTI 

Empire 

Conveyor Engineering 
Branson Corp. 

Crest Ultrasonics 

Electrovert 

Hollis 

Kinematics 

PROA 

DeHaart 

AMI 

Quantrad 

Technics 

Oriel 
Schoeffel 
Xenon Corp. 

Sole rex Design 
Spire 

Solarex Design 
MBAssociates 
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4.0 Recommendations and Schedule 


The following technical questions must still be answered: 

• To develop a method to assure that the wraparound 
contacts do not short on top edge of cell, 

• To get our wave solder machine operational and to make 
cells using the sand blast-wave solder technique, 

• To optimize all the processes, especially the solder 
thickness control for maximum cell performance, 

• To develop a satisfactory technique for adhering the 
amp connector to the black polyethylene backing. 

The following efforts will be undertaken during the next 
program period: 

• Rescheduling of the program to accomodate the 
reduced spending rate and charge in scope of work, 

• Completion of the pilot run 4, and, 

• Collection of data for preliminary Sarnies analysis. 
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